Introduction
Live kidney donor is a safe, flexible, and low-risk procedure. The first successful experimental organ transplant was reported by Emerich Ullmann in 1902 in Vienna. He managed to autotransplant a dog kidney from its normal position to the vessels of the neck, which resulted in some urine flow up to 5 days. 1 The kidney can be obtained from either a living or cadaver donor. The basic criteria for a renal donor are absence of renal disease, absence of active infection, and an absence of transmissible malignancy. Whether the kidney is removed from a living donor or a brain-dead donor, the surgical goals were to minimize warm ischemia time, preserve renal vessels, and ureteral blood supply. 2 Presently, most of the kidney transplants in the world are performed with living donors. In a small but increasing percentage of cases, however, donors are genetically unrelated and include spouses, friends, or other emotionally related individuals. There is evidence that delayed graft function and acute rejection, can adversely influence not only the short-term but also the long-term graft survival. 3 Obviously, the risk of delayed graft function is considerably lower in living-donor transplants than in cadaver transplants. Also, the incidence of acute rejection is lower, not only in living-related transplants with a good human leukocyte antigen (HLA) match but even in living-unrelated transplants. This is probably because the ischemia-reperfusion injury that may trigger rejection through the activation of innate immunity is less frequent and severe with living donation. 4 Moreover, brain death triggers a series of non-specific inflammatory events that increase the intensity of the acute immunologic host response after transplantation. 5 Study in rats confirmed that the long-term survival of brain-dead donor transplants was significantly less than that of living-donor transplants. Proteinuria and renal histologic lesions were more severe in rats receiving the transplant from brain-dead donors. 6 Generally, patients being considered for donation should be healthy or have only mild diseases that do not cause functional limitations. Patients with jugular venous distension, recent infarction, premature atrial or ventricular contractions, important aortic Valvular stenosis, or poor general condition should be excluded due to the increased risk for cardiac complications. Diabetics are generally excluded because of the increased risk of postoperative complications in the short term and because of the potential risk of developing diabetic nephropathy in the long term. Patients with HIV infection should be excluded from living donation, since the virus is transmittable with the transplanted kidney. For the same reason, carriers of hepatitis viruses should also be excluded, with the possible exception of desperate cases in which both donor and recipient give informed consent. Evidence of an active infection should delay the transplantation until the infection is completely cured. 7 The aim of this review was to evaluate the surgical procedures applied in living kidney donor transplantation which are live donor nephrectomy and laparoscopic donor nephrectomy and there outcomes with regards to global best practices.
Methods

Search strategy
We searched for studies that reported on living kidney transplantation and kidney donor from inception till 2018, we preferred articles that are published in English. The following electronic databases were used: PubMed, Science Direct, Medline, Embase, Google Scholar and Cochrane database. We searched these databases by combining one or more of the following keywords: Live kidney donor, surgical aspect and Outcome, living kidney transplantation, kidney donor. We assessed Full articles and extracted relevant data. We used the MeSH system to extract relevant research studies from PubMed.
Types of studies
Original articles, meta-analyses and systematic review.
Inclusion and exclusion
We selected specific articles that reported on live kidney donor, surgical aspect and Outcome, living kidney transplantation and kidney donor. Articles that are not specific and unclear were excluded. 54 studies were selected for this review.
Surgical aspects of donor nephrectomy
Live donor nephrectomy
Currently laparoscopic intraperitoneal donor nephrectomy has surpassed open donor nephrectomy in many kidney transplantation centers due to reports of reduced pain and shorter recovery time. 8
Flank approach
There is little doubt that this approach is less morbid for obesed donors (≥100 kg) who require large incisions. However, proper preoperative counseling can allay many donor concerns, and the principle of 'leaving the best kidney with the donor' should apply regardless of which method is used to remove the donated kidney. An open surgical donor nephrectomy is indicated in a number of cases, particularly when the right kidney is to be removed, which has a short and at times thin-walled renal vein. 9 In addition, it is advantageous when the recipient is large and maximal renal vessel length is needed. In such cases a short renal vein or three or more renal arteries may compromise the recipient operation. The open surgical approach permits the safe removal of a cuff of donor vena cava, which extends vessel length and also allows for a thicker edge for suture placement in the recipient. The least morbid incision for open donor nephrectomy is the rib sparing extraperitoneal flank approach first described by Turner-Warwick. 10 This technique eliminates the psychologic concern of the donor regarding the loss of a rib, and minimizes the risks of incisional hernia and neuropraxia. 10
Mini-incision retroperitoneal donor nephrectomy (MIDN)
The short hospital stay of 4.6 days also emphasizes quick recovery in MIDN patients. Open donor nephrectomy (ODN) patients were hospitalized almost twice as long as MIDN patients. Strictly, retroperitoneal access and placement of hooks pulls the peritoneal cavity away from the area of interest with two advantages: firstly, the peritoneum does not have to be opened, no small bowel can irritate the view by slipping into the operating field and consecutively the risk of injuries, adhesions, postoperative intestinal irritations, peritonitis and paralysis is reduced. 11 This is in good agreement with data on patient nutrition, mobilization and return to normal digestion. Secondly, the usage of hooks permits an optimization of the overview in a small access. This surely contributes to the quick recovery of patients in MIDN. 12 mini-incision for living donor nephrectomy is an attractive alternative to open donor nephrectomy ODN and reveals significant advantages in hospitalization and recovery from the procedure, low analgesic drug requirements and good cosmetic results to donors. 13
Laparoscopic donor nephrectomy
Minimally invasive surgery was introduced into renal transplantation with the first Laparoscopic Live Donor Nephrectomy (LLDN) in 1995. 14 
Hand-assisted right laparoscopic donor nephrectomy
As in open live donor nephrectomy, the left kidney is preferred for laparoscopic donor nephrectomy because of its longer renal vein, which facilitates the implantation process and because the liver does not need to be retracted when left nephrectomy is performed. 15 However, because the "better" kidney should always remain with the donor; occasionally the right kidney must be transplanted. Early experience with right laparoscopic donor nephrectomy was marked by a high incidence of venous thrombosis and graft loss which has since improved with experience and with technical modifications of the procedure. 15 many articles have been published demonstrating the safety and feasibility of right donor nephrectomies which has allowed transplant centers to maintain the benefits of the laparoscopic era while adhering to the fundamental principles of patient selection established during the open surgery era. 16
Outcomes; Laparoscopic and open live donor nephrectomy
Since the first case by Kavoussi and Ratner in 1995, laparoscopic live donor nephrectomy is quickly establishing itself as the standard of care for living renal procurement. Compared with open surgery, laparoscopy provides the donor less postoperative pain, shorter hospital stays, better cosmetics, and more rapid return to normal activities. This is not surprising, as the results of laparoscopic nephrectomy for benign and malignant conditions compared with open nephrectomy have demonstrated thisc. 17 A survey conducted to evaluate 234 United Network for Organ Sharing (UNOS), listed kidney transplant programs to determine current living donor morbidity and mortality for open nephrectomy, hand-assisted LLDN, and standard LLDN. 18 The number of responding programs was 171, and morbidity was comparable between the different techniques. Complications requiring reoperation occurred in 0.4% of open cases, 1% of hand assisted LLDN, and 0.9% of standard LLDN cases. Complications that did not necessitate reoperation occurred in 0.3% of open cases, 1.0% of hand-assisted LLDN, and 0.8% of standard LLDN cases. 19 There were two reported mortalities following standard LLDN. Regarding graft function, kidneys procured laparoscopically have been shown to function well in the short and long term. The largest initial series from the University of Maryland and Johns Hopkins have demonstrated excellent long-term graft function in the recipient. No differences were observed in patient or allograft survival rates or longterm creatinine clearance rates when compared with open cases. 20
Financial considerations
When analyzing the entire finances regarding LLDN, one must look past the initial operative and hospital costs. Studies have demonstrated the laparoscopic approach does not provide cost savings to the hospital, and in some reports may be more costly than open surgery. 21
Preoperative considerations
General considerations
Living donation should be undertaken as a planned elective procedure. The prospective donor was commonly being admitted to hospital the day before surgery. It is important that they are admitted to and cared for within a ward that has nursing and medical staff experienced in the care of living kidney donors. Typically, this will be the transplant unit or sometimes a general surgical or urology ward with the relevant expertise. Admission of the prospective donor and recipient to the transplant ward has the advantage that it allows them to visit each other more readily after the transplant operation. 22 It is desirable that the donor operation is undertaken in an adjacent hospital facility as this minimizes disruption for the donor family and allows the donor and recipient to meet soon after surgery. 23
Risks of aortogram
Occasionally, a complication occurs during the preoperative evaluation, most likely related to aortogram, which is now being used less frequently. Such complications include localized haematoma formation, femoral artery thrombosis or false aneyresm formation at the arterial puncture site, or more rarely reaction to the radiographic dye, such as an allergic response or acute tubular necrosis. 24
Risk and prophylaxis of venous thromboembolism
Preoperative assessment of the risk of venous thromboembolism and use of appropriate prophylaxis is a crucial aspect of peri-operative care. The use of thromboprophylaxis was probably limited. The risk factors for the development of venous thromboembolism are relatively well defined and those that are of most relevance to a healthy living donor and including: Increasing age <40 years annual risk, Obesity (BM1>30=3 x risk), Immobility (bed rest over 4 days), High dose estrogens (50 mg estrogen or more per day), Previous Deep-Vein Thrombosis (DVT) or Pulmonary Embolus (PE), Thrombophilia, Varicose veins =1.5 x risk, Type of surgery and anesthesia =10 x risk and Non-O blood groups =2-4 x risk in the absence of specific thromboprophylaxis. 25 So, potential donors who have a personal medical history of DVT/PE should not proceed to donation. Potential donors with a family history (first or second degree relative) of VTE should be screened to exclude significant thrombophilias. 26 Females on estrogen treatment (contraceptive or hormone replacement therapy) should discontinue treatment at least one month before undergoing donor nephrectomy. Early mobilization should be encouraged after living donor nephrectomy. 27 Effective prophylaxis in patients undergoing elective major general surgery can be achieved by subcutaneous low-dose standard heparin (5000 IU, 8-12 hourly) or subcutaneous Low-Molecular-Weight Heparins (LMWH). The latter have been shown to be slightly more effective in general surgery without increasing the risk of haemorrhage. 28 Prophylaxis should continue for at least 5 days (the minimum duration in clinical trials) or until discharge from hospital if this is earlier. Mechanical methods for prophylaxis include graduated elastic compression stockings and Intermittent Pneumatic Compression (IPC) devices. 29 They are of proven efficacy in preventing DVT in moderate risk surgical patients but have not been shown in clinical trials to significantly reduce the risk of fatal pulmonary embolus. Above-knee stockings are preferred to below-knee for DVT prophylaxis. Since mechanical methods may be combined with low dose or low molecular weight heparin prophylaxis, their use in all kidney donors is recommended. If insertion of an epidural catheter is planned for post-operative pain control, a period of 4-6 hours should be allowed to elapse after giving Unfractionated Heparin (UFH) before inserting the catheter or delay the first dose until after insertion/surgery, in order to reduce the risk of bleeding. 30
Prophylactic antibiotics
Living donor nephrectomy is a 'clean' surgical operation and the overall incidence of wound infection is usually less than 5%. The administration of prophylactic antibiotics would not be considered necessary by many centers although they are used routinely or selectively by some centers to minimize would infection. The decision about whether to use prophylactic antibiotics should be taken locally and is likely to be influenced by local audit of the incidence of wound infection. 31
Complications during nephrectomy
Peri-operative mortality
The reported death rates are variable but one in 3000 is accepted as an accurate assessment of peri-operative mortality. The most common causes of death being pulmonary embolus, hepatitis and cardiac events (myocardial infarction and arrhythmias). 28
Peri-operative morbidity
It has been classified into major and minor sub-groups. The mean overall complication rate was 32% and the major peri-operative complication rate was 4.4%. The estimated 'major complication' rate in a survey by Bay and Hebert was 1.8% whereas the American Society of Transplant Physicians (ASTP) survey reported that 22 out of 9692 (0.23%) kidney donors experienced potentially lifethreatening or permanently debilitating' complications. 32 Donor nephrectomy is most commonly undertaken through a loin incision, although some surgeons prefer a trans-peritoneal approach. Irrespective of the type of incision, wound pain is a major source of anxiety for the donor. 33 Donor complications following laparoscopic live donor nephrectomy, of the 381 consecutive cases, 362 (95%) were left sided and 19 (5%) were right-sided laparoscopic donor nephrectomies. All 381 kidneys were procured and transplanted successfully with adequate renal artery and renal vein length to perform the recipient operation using standard techniques. Mean operative time was 253-55.7 minutes, estimated blood loss 334-690.3 ml, and warm ischemia time 4.9-3.4 minutes. Mean length of donor hospital stay was 3.3-4.5 days. Total complication rate was 16.5% for the series with 29 (7.6%) major complications and 34 (8.9%) minor complications. The open conversion rate was 2.1%, reoperation rate was 1.8%, and the transfusion rate was 3.4%. There were 7 patients who required reoperation with the following causes: epigastric artery injury requiring open ligation, incisional hernia at allograft delivery site requiring prosthetic mesh repair, ischemia of the left testicle requiring orchi-dopexy, postoperative bleeding requiring exploratory laparotomy, and duodenal injury requiring duodenojejunostomy. 34
Donor blood transfusion
Living donors may occasionally require blood transfusion during the peri-operative period and all donors should be 'group and saved' before proceeding to theatre, so that blood is readily available if required. They should be warned, as part of the consent procedure, that blood transfusion may be needed. If available, prospective donors may be offered the opportunity to have autologous blood transfusion. 35 
Post-operative care
After nephrectomy, pulse, BP, pulse oximetry and urine output should be monitored regularly (hourly for the first 12 to 24 hours). Supplementary oxygen for 12 hours is routine. A major concern in the early post-operative period (up to 72 hours) is haemorrhage into the retroperitoneum after open nephrectomy and intraperitoneal haemorrhage after laparoscopic nephrectomy. 36 The indications for surgical re-exploration because of suspected haemorrhage will depend on clinical findings. Following laparoscopic nephrectomy, the presence of marked peritonism after 24 hours, or prolonged ileus may indicate damage to intraperitoneal organs (particularly intestinal damage) and careful consideration should be given to early reexploration. 37
Pain management post nephrectomy
Optimum pain management for the donor is essential to encourage early rehabilitation and uneventful post-operative recovery. This must be discussed with the donor during the assessment period to establish his/her expectations and understanding. The type of procedure, open or minimally invasive donor nephrectomy, may dictate analgesic requirements and hence the choice of pain relief that is used in the immediate post-operative period. Referral to the acute pain team, if there is one available, is helpful in optimizing assessment and management of pain. 38
Postoperative nutrition and discharge
Patient should receive a maintained i.v. crystalloid solution until oral fluid intake is being adequate and should be discharged when he void and being fit enough and his pain is well tolerated with oral analgesia. 39
Recovery time
Structured interviews revealed that a majority of patients were back to their usual activity by the first postoperative week and back to work a little over one month after the operation. 40 Transplant units should have in place a written protocol detailing the peri-operative preparation and post-operative care of kidney donors. This should be reviewed annually and updated where necessary. The consent of the donor to undergo nephrectomy is made on the understanding that the operation will be performed by an experienced and competent surgeon and that all possible steps will be undertaken to reduce the incidence of peri-operative complications. 41
Long term risk
Kidney donation is a relatively safe procedure with little morbidity and no mortality in most series and registries. Developing countries have and will continue to rely heavily on living kidney donation for some time. To date there are limited data from these regions on general health status and the development of comorbid factors among kidney donors. 42 This issue was addressed by starting a regular donor followup clinic; in this series, renal function at 5 to >30 years after donation was normal, even though there was an insignificantly high serum creatinine level and a lower Creatinine clearance rate (CrCl). Overall, 22% of donors became hypertensive and were under treatment. All the donors benefited psychologically from donation, were happy to have donated, and would donate again. This is consonant with the quality of life described after donation in the long-term follow-up of living kidney donors. 43 While some studies found that the rate of hypertension after unilateral nephrectomy to be as high as 25-74.5%, others failed to show any increase in BP after surgery. The frequency of hypertension in the present donor population was lower than that in the healthy adult population of Egypt (22% versus 26%); this is not unexpected, because the donors were positively selected for a normal BP. 44 Although unilateral nephrectomy is associated with elevation of BP, some studies have not detected a higher risk of developing hypertension after kidney donation than in age-matched controls. Indeed, in one recent report, systolic BP decreased in hypertensive donors after LDT. In the present donors, the hypertensive population was older. Overweight and obese patients had a higher prevalence of hypertension. Although there was a lower GFR and higher prevalence of abnormal proteinuria in hypertensive patients, we were unable to establish a causeand-effect relationship. 45 The mean serum creatinine levels deteriorated insignificantly in some donors, there was little proteinuria, and the incidence of hypertension was similar to the agematched general population. 44 The overall prevalence of proteinuria was 3.3%, but a higher grade of proteinuria (i.e. >300 mg/24 hours) was infrequent and only detected in 1.5% of the present donors, a frequency comparable with other series. 46 Greater proteinuria was more prevalent in donors who were also hypertensive. The importance of obesity for the living donor is its effect on renal function. Obesity without nephrectomy is associated with hypertension and proteinuria. 47 Obesity as a risk factor for renal insufficiency after unilateral nephrectomy was studied by Praga et al, 48 in 73 patients from Spain, subjects who had a unilateral nephrectomy with no known disease in the contralateral kidney developed proteinuria and renal failure at 10-20 years after nephrectomy when they had a BMI of >30 kg/m 2 at the time of surgery. 48 Consequently, some authors suggested monitoring donors for their psychosocial variables. Almost all the present donors said that they would make the same decision again and would strongly encourage others to donate. There have been some reports of depression and disrupted family relationships after donation, even suicide after a recipient's death. 49
Arrangements for follow-up
Early follow-up of the donor, within the first few weeks of surgery, is essential to ensure that he/she has made a satisfactory recovery from the operation. In the event of an unsuccessful transplant it is important to provide adequate emotional as well as physical support for the donor, including access to specialist psychological services. Donor should be followed up to facilitate the collection of data on long term morbidity and mortality. Lifelong follow-up is recommended, and this should be offered locally or at the transplant centre according to the wishes of the donor. 50
General anesthetics
According to the Department of anesthesiology and intensive care, hospital Kuala Lumpur, guidelines on anesthetic management for renal transplant, 51 a mixture of normal saline with either lactated or acetated Ringer's solution seem to be the ideal fluid for use in renal transplant surgery. Mannitol has been found to be beneficial for use in renal transplant surgery and 200 -250 ml of 20% mannitol are used routinely for both donor and recipient. The use of advanced haemodynamic monitoring is encouraged for live kidney donor. The following anesthetic technique is usually applied in living kidney donor trasnsplation:
Kidney live donor
Anesthetic technique of general anaesthesia (GA) with Patientcontrolled analgesia (PCA) morphine or GA with regional block (from TAP (Transversus Abdominis Plane), Quadratus Lumborum or Paravertebral Block). 
Preoperative hydration
Future trends in kidney transplantation
With regards to the continuous development of surgical methods, modern innovations and techniques are evolving. open-surgery techniques are being replaced by laparoscopic and robotic surgery in advanced renal transplantation center. The major limitation of these advanced surgical procedures are the high cost of facilities and equipment, maintenance and few experts in the field. the masterslave robotic surgical system da VINCI approved by Food and Drug Administration (FDA) have become a promising area in the future and have improved laparoscopic procedure. 52 The application of Robotic surgery involves two operational stages of kidney transplantation process which are Robotic donor nephrectomy (kidney removal from a living donor) and complete kidney replacement. Robotic surgery gives access to treatment for stage III obese patients which are highly complicated in other surgical procedures. Robotic surgery creates an avenue for advanced telemedicine surgical procedures, in which transplants can be performed from anywhere in the world regardless of distance. 53, 54 The use of robotic-assisted kidney transplantation is rare due to the cost of equipment, maintenance and few experts in the field. Currently there are very few medical centers worldwide with state of the art equipment's and facilities to carry out these procedures. Robotic surgical procedures are expensive, and few medical professionals are able to operate the machines and perform the procedure. Further studies are needed to explore the area of robotic-assisted renal transplants and the best procedures and techniques involved in the use of this machine. There is need to train more medical and biomedical professionals worldwide through postdoctoral training, technical and biomedical training on robotic-assisted renal transplants this will enable more discoveries and effectiveness in robotic renal donor nephrectomies and kidney replacements , and general advances in kidney transplantations.
Conclusion
Living kidney donor transplantation is better than kidney transplantation from a deceased donor because the transplanted kidney becomes active and functional immediately after transplantation, whereas in transplants derived from deceased donors, the reverse is usually the case due to shorter ischemic time by minimal ischemic damage of the allograft. The surgical procedures applied in live kidney donor transplantation, are constantly undergoing modification inorder to minimize postoperative complications, improve treatment outcomes and enhance patient's quality of life. The application of Laparoscopic procedure in live donor nephrectomy is effective and reliable. However minimal invasive surgical techniques are increasing gaining recognition as an alternative surgical procedure to Laparoscopy.
